Purpose: Rodents live in proximity to humans and domestic animals. These creatures can serve as reservoir hosts for many zoonotic parasites; therefore, they increase the risk of human infections. The aim of this study was to investigate Toxoplasma gondii and Neospora caninum in rodents caught in Meshgin-Shahr District, Iran. Patients and methods: In a cross-sectional study, brain samples were collected from 70 rodents caught in Meshgin-Shahr District during March and December 2015. The specimens were examined for exposure to T. gondii and N. caninum with molecular methods. Results: Seventy rodents were caught, including 50 Meriones persicus, 11 Mus musculus and 9 Cricetulus migratorius. Thirty rodents were female and 40 were males. Using PCR (B1 gene), T. gondii was detected in 7.1% (5/70) of the rodents while N. caninum was not detected. The prevalence of Toxoplasma infection was higher in female rodents (4.28%) compared to male rodents (2.86%), but the difference was not significant.
Introduction
Rodents are the largest group of mammals with around 2700 species worldwide. 1 They are important intermediate hosts for several parasites affecting cats, dogs and wild carnivores such as Toxoplasma, Neospora, Hammondia, Sarcocystis, Echinococcus and Toxocara.
2 Rodents are also important zoonotic carriers of agents to humans, because they rapidly adapt to human habitats and ecologic and environmental changes. 3 Toxoplasma gondii and Neospora caninum are intracellular protozoan parasites belonging to the phylum Apicomplexa. Cats and dogs are the definitive hosts of T. gondii and N. caninum, respectively. Both parasites can use a wide range of domestic and wild animals as intermediate hosts. 4, 5 Infection can be acquired vertically by transplacental transmission of tachyzoites or horizontally following ingestion of tissue cysts from uncooked or undercooked meat (bradyzoites), or ingestion of oocysts excreted in definitive hosts feces. 4, 5 Previous investigations have reported N. caninum infection in different species of rodents. 6, 7 Infection in rodents has been associated with the spread of N. caninum infection and its effects on reproduction in dairy cattle. 8 Toxoplasma is one of the most common zoonotic parasites infecting one-third of the world's population. 
DNA Extraction And PCR Amplification
Genomic DNA from brain tissues of the rodents was extracted using the Qiagen DNA Minikit (Qiagen, Venlo, The Netherlands) according to the manufacturer's recommendations and stored at −20°C until further use. Polymerase chain reaction (PCR) was performed to detect the T. gondii and N. caninum DNA using the specific primers targeted B1 and Nc5, respectively. For data analysis, SPSS software (ver. 16.0) was used. The chi-square test was used to examine the relationships between rodent sex and the presence of T. gondii DNA. The P < 0.05 was considered as statistically significant.
Results
Seventy small rodents, including the three species of Meriones persicus, Mus musculus and Cricetulus migratorius, were collected. The most abundant species in the present study was Meriones persicus (71.43%). Thirty rodents were female and 40 were male. Totally, 5/70 (7.14%) brain samples of rodents were found positive for the T. gondii B1 gene (Figure 2 ). The prevalence of Toxoplasma infection was higher in female rodents (4.28%) compared to male rodents (2.86%). There was no significant difference between rodent sex and the presence of T. gondii DNA. One of the positive T. gondii amplicons was sequenced and had 100% nucleotide similarity with T. gondii isolates. The nucleotide sequence was deposited in GenBank under the accession number: MK184480. None of the rodents tested positive for N. caninum by PCR. Frequency of infection of N. caninum and T. gondii in the brain tissue of rodents is summarized in Table 1 Discussion Our increased knowledge of the parasitological diseases of rodents in different parts of the world has a fundamental role in the evaluation of environmental health conditions and the assessment of health plans aimed at preventing certain prevalent infectious diseases in human and animal populations.
In the current investigation, T. gondii infection was detected in 7.1% of the rodents by molecular analysis, which is comparable to the results of Saki and Khademvatan 21 in rodents of Ahvaz District in southwestern Iran. Thomasson et al 22 reported a prevalence of up to 40.78% for T. gondii in Apodemus sylvaticus in England. In a study by Fuehrer et al, 23 the DNA of T. gondii was detected in 0.7% of common voles and 4.7% of water voles in the western part of Australia. Molecular surveys conducted in Mus musculus on the Czech-German border showed N. caninum in 13 out of 360 animals (3.6%). 6 A study in Mexico showed a N. caninum prevalence of 77% in Mus musculus, 71% in Spermophilus variegatus, and 50% in Rattus norvegicus. 7 Dellarupe et al 24 did not detect the DNA of N. caninum in any of the sampled rodents.
In the current study, none of 70 mouse brains was positive for N. caninum DNA in molecular surveys. The district of Meshgin-Shahr is considered the coldest province in Iran with a very cold climate in the winter and a mild climate in the summer; therefore, decreased oocyst survival and sporulation under cool conditions could explain the low infection rates seen in the current study. Some studies suggest that cohabitation of rodent with the definitive hosts of N. caninum is a putative risk factor for seropositivity due to high level of exposure to oocysts. 7, 27 Therefore, low prevalence rates in rodents can be associated with different distribution patterns of host species such as cats, dogs and livestock, which were found to be largely infected by N. caninum.
In this study, only one of the positive T. gondii amplicons was sequenced and had 100% nucleotide similarity with T. gondii isolates. Sequencing of the other four PCR T. gondii-positive samples was not successful, which could be explained by the small amount of T. gondii DNA in the samples. It can be concluded that, although the results of the current study indicated a low risk of T. gondii and N. caninum infection among rodents of this district, the infection could be much more widespread in animals; the prevalence might be underestimated due to low DNA concentrations in samples. In addition, only a few cases of Toxoplasma infection might develop into clinical lesions. Moreover, we must be cautious about the interpretation of our results, as different studies have used different genetic markers to detection T. gondii and N. caninum infection and these markers have different power to detection parasite.
Rodent plays an important role in the life cycle of T. gondii and N. caninum because they are generally preyed by domestic and feral cats and dogs hence can spread the parasite to humans and other animals. Besides, hunting and eating of rodents by man as an ancient practice in some nations increased the risk of acquiring zoonotic diseases such as toxoplasmosis and neosporiasis. 28 However, to the best of the authors' knowledge, this research is the first study of Toxoplasma and Neospora prevalence in rodents in the Meshgin-Shahr District. Further research is needed to understand the role of these rodent species in the epidemiology of such protozoan pathogens to humans and livestock in this area. In addition, we recommend evaluating other molecular markers for the detection of T. gondii and N. caninum infection in rodent.
